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- Part 1: Stars in a-Nuts
“ "fYou’d look pretty simple from 10 parsecs away, too.™
| — Fred Hoyle

2]




P
He
Helium
4.003
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H Periodic Table of the Elements
' — Created in the Big Bang
Created by stars (and
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N

Nitrogen
14.007
[He)2522p3
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F

Fluorine
18.998
[He]2522p°

8

O

Oxygen
15,999
[He]2s22p%
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Ne
Neon

20.180
[He]2522p®
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Beryllium
9.012
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Li
Lithium
6.941

Carbon
12011
[He)2522p2

Boron
10.811
[He]2s22p!

Sodium
22.990
[Ne]3s
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Calcium
40.078
[Ar}as?

Potassium

39.098 44.956

39

Rubidium
84.468
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Strontium
87.62
[Kr)5s2

88.906
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137.327
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132.905
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Francium
223.020
[Rn]7s!

Created by
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Radium
226.025
[Rn]7s2

Scandium

[Ar]34 452

Yeerium

(Kr}4d 552

[Xe)4i' 4542652
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Ti

Titanium
47.88
[Ar]3a2452

Zirconium
91.224
{Kr}4d2552

Hafnium

178.49

Rutherfordium

[Ru]stl46d27:2"

57
La
Lanthanum

138.906
[Xe]5d ! 652
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Actinium
227.028
[Ra)6d 752

[261]
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Ce
Cerium

140.115
[XeJ4r 54662

Thorium
232.038
[Rn]6d275

Vanadium
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[Xe]4i'45d3652

[Rnjsf!46d37:2"
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50.942

Chromium
51.996
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[Ar]3d54s!

Niobium Mol

92.906

73

Tantalum
180.948

105

Dubnium
[262]
{Rn]
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Pr
Praseodymium

140.908
[Xel436s2

Protactinium
231.036
[Rn)5f26d! 752

Tungsten

[Xeai! 4544652
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lybdenum
95.95

{Kr}4d>5s!

74
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[266]
5fl46447:2"

Nd

Neodymium

144.24
[Xe]4rtss?
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U

Uranium
238.029

[Rn)536d! 752

Technetium

[Xe]4i! 4545652

[Ru]sf! 464572

Manganese

54.938

[Ar]3d54s2

98.907

(Kr]4d3552

75

Rhenium

186.207

Bohrium
[264]

Promethium
144913
[Xel4%6s2

N
NepruRm

237.048
[Rn]5t4ed! 752
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Ru

Ruthenium

101,07

[Kr}4d7ss!

Osmium

190.23

[Xe]4t! 4546652

Hassium
[269]

[Ru]sf!46d67:2"

6

62
Sm

Samarium
150.36
[Xe]4i®6s2

Plutonium
244.064
[Rn]5¢6752

[Xela! 4547652

[Rn]stl46d77:2"

27
Co
Cobalt
58.933
[Ar]3d742

Iridium

192.22

109

Mt

Meitnerium
[268]

63
Eu
Europium

151.966
[Xe]4i76s2

95

Am

Americium
243.061
[Rn]5¢7752

[Xel4i!45d%s

Darmstadtium

[Rnj5f! 46487:2°

28
.
Ni
Nickel
58.693
[Ar]348452

Palladium
106,42
[Kr}4a !0

Platinum
195.08

[269]

64
Gd
Gadolinium

157.25
[Xe)4r75d 652

[Rn)5f76d! 752

[Xe

Roentgenium

[Rn]sf! 46497:2"

nlosive deaths

29
Cu
Copper
63.546

[Ar]3d!04s!

47

Ag

Silver
107.868

[Kr4d 055!

79
Au
Gold

196.967
14¢1454 1 0gs |

R

272

65
Tb
Terbium

158.925
[Xe]4i%6s2

97

Berkelium
247.070
[Rn]5¢7752

[XeJ4t! 4541052

Copernicium

[Rn]5fi46d 1072

Aluminum

26.982

[Nej3s23p!

30
Zn
Zinc
65.39
[Ar]3d!0452

Cadmium
112411
[Kr)4d 0552

80

Mercury
200.59

R277]

66

D

Dysprosium
162.50
[XeJ4i!06s2

Californium
251.080
[Rn]5f!0752

[Ar

[Kr}4d 1055255/

Xejat! 4541065

Rn]5fl 46410

Gallium
69.732
13410452451

Indium
114818
[K

8l

Thallium
204.383

2

Ununtrium

unknown

7 2
7s27p!

67
Ho
Holmium

164.930
[Xep4i! l6s2

Einsteinium
[254]
[Rn]sf! 1752

[Ar]3d1 0442452

[289]
Rn]5fl 464 107:27p2

14
Si
Silicon
28.086
[Ne]3s23p2

Germanium

7261

50

Tin
118,71
r]4d | 0552552

Ferovium
289

68
Er
Erbium

167.26
[XeJ4f1 2652

Fermium
257.095
[Rn)5¢!2752

[Ar]3d! 0452453

[Kr}4d 0552553

Ununpentium

Rin]5f! 4641074273
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P

Phosphorus

30.974
[Nej3e23p3

Arsenic
74.922

Antimony
121.760

83
.

Bismuth
208.980

unknown

Configurations denoted with a *
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Tm

Thulium
168.934
[Xe}4i! 3652

Mendelevium

258.1
[Rn]5f! 3752

[Ar]3d1 0452454

[Kr)4d 10552554

Livermorium

[298]
R]5f1 464107274
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S

Sulfur
32.066
A DE

Selenium

78.972

52

Tellurium
127.6

84

Polonium

[208.982]

Xej4f!45d106526p

Ytterbium
173.04
[XeJ4fl46:2

Nobelium
259.101
[Rn]5f!4752

[Ar]3d1 0452455

[Kr}4d 10552555

Ununseptium

Rn]5f1 46410727,

17
Cl
Chlorine

35.453
[NeJ3s23p°

Bromine

79.904

Krypton
84.80
[Ar]3d104424,6

53

lodine
126.904
[Kr}4d 10552556

85
At
Astatine
209.987

Radon
222018
Xel4i'45d106526p

(k]

Ununoctium
unknown
Ron]5f146d107:27,6

unknown
5

are unknown and the listed values ar prodicted
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Lu
Lutetium

174.967
[XeJ4r'45d1 652

Lawrencium
[262]
[Rn)5¢ 64! 752

2014 Todd Helmenstine
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There are many‘reasons to study stars.
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- We can't visit stars'(ye.'t),.so we cén only
~study the light they emit or models of them.
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Modules.for Experiments in Stellar
Astrophysics
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How do observers tell stars apart?

o

Brightness

4

“Luminosity”  “Effective Temperature”
(and distance)

Py |
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Brightness is how bright a star appears to be.
Luminosity is how much energy itemits per -
unit time in all wavelengths. - K —

- This bulb has a luminosity of 5 Watts, .
but its brlghtness depends on how
close you are to it.

JSG Accessories®

LED Light

For the sun,

L Lo — 5 S o 1~

—

WEe'll call this unit a solar luminosity
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The effectlve temperature ofa hot 7 e
object determlnes its color. . R

Bluer

Cooler = Redder

a0 2000 3000 4080 5040 6000 TAAD A0AD AND.{AMAM (8

‘image credit: primedomotics.com
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Stars in clusters have the same age and .
dlstance but dlfferent luminosities and colors.

3
U O L R
SO s R o, L 4 RNEREE L e 2. EeE .

The Pleiades star cluster

Image credit: Raul Villaverde Fraile
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We show the luminosity/color of a stars on a
Hertzsprung-Russell (HR) diagram.

The Pleiades Cluster

Brighter —

“[Related to \\

e e " FLuminosity .

-
)
=

E

A
4

< Bluer/Hotter
Luminosity increases along y-axis
Effective Temperature

e
AI0NTZ Related to Effective Temperature
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We show the luminosity/color of a stars on a
Hertzsprung-Russell (HR) diagram.

The Pleiades Cluster

N - What'sup UTW

with this, trénd;?;'; g

< Bluer/Hotter

Luminosity increases along y-axis
Effective Temperature
along x-axis
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Stars form when a cloud of mostly hydrogen gas
and dust is compressed by its own graV|ty 1

100 au

j Radio: ALMA (ESO/NAQJ/NRAO), S. Andrews et al. & A. I§ella et al.
J 2022-06-24 HPC Academy: The Lives of Stars [16]




Stars form when a cloud of mostly hydrogen gas
and dust is compressed by its own graV|ty 1

Tempgrature increases.  JE

j o e r . Radio: S Andrews Stal. & é la et al.
J 2022-06-24 HPC Academy: The Lives of Stars [17]




Stars form when a cIoud of mostly hydrogen gas
and dust is compressed by its own gravity.

—
. ®

. If pro.tbstar is massive and gets hot e'hough; o -

It _be_c}ins fusing o helium
~inits core and

A star I

.Jlj |
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Wh|Ie stars fuse hydrogen to hellum we say
_they are main sequence stars.

' He-rich core -

"Unburned” Hydrogen envelope

ZAMS: Z.fer o Age Main Sequence -
- Newborn stars at the beginning of

© TAMS:Te

hydrogen t

their main se

ifetime

Sequence
Stars that t of
cores

The sun is roughly halfway between
ZAMS and TAMS
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The main dlfference between stars |n a
cluster is their |n|t|al mass.

.Jlj
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The main dlfference between stars in a
cluster is their Initlal mass.

”lj
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~ Part 2: Fin'd'ing-the' M . Jence

"fTo err is human, but to really foul things up requires'a




Goal: Use MESA to create stars of a varlety

~ of masses to reproduce the main sequence

MESA

~ Modules for

2]

- Astrophysics

Experiments in
Stellar
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Task 1: Get set up (if you aren’t already)
" A. Launch apps (use search box in lower left of screen)

A winscp By

A PuTTY: £° :
B Log in to bgscon WlnSCP/PuTTY (if you haven

A hostname: bgsc2. uwec.edu.

A User name (log in as)/password; Ia;t we

. ready):

C. Navigate to directory: - | .

A WinSCP: Day 2Y Session 5 Y to ZA

| - A PUTTY:$ cd~/Day 2/Session 5/ to ZAMS
'Q . |



Task 2: Set the mass of your star

. . . . © . 4

. A. Select your mass

A Visit this naoe: httns: //hIT Iv/hn(‘ AnC stars - 2'022
A -
A inlist_project .
A AR -

Initial_mass - -

. 1 starting specifications
initial_mass ~ =|CHANGE ME ! in  Msun units
O Initial_z = 0.02 ! 2% of star by mass is elements

g 2022-06-24 HPC Academy: The Lives of Stars [25]



https://bit.ly/hpc-stars-2022

